Abstract. 2014 We have measured the bending rigidites kc of egg lecithin (EYPC), dimyristoylphosphatidyl-ethanolamine (DMPE) and digalactosyl-diacylglycerol (DGDG) membranes in the fluid state, subjecting the fluctuations of large nearly planar bilayer sections to computerized Fourier analysis. For EYPC we found kc = 0.8 10-12 erg which is less than half the value obtained earlier for egg and other lecithins from the bending fluctuations of tubular vesicles but in the range of more recent measurements on spherical lecithin vesicles. For DMPE we found kc = 0.7 x 10-12 erg at T = 60 °C, while we derived kc = 1.7 x 10-12 erg from the bending fluctuations of tubular vesicles of dilauroyl-phosphatildylethanolamine (DLPE) at T = 46 °C. As in the case of lecithins the different results seem to be mostly due to the different methods. Very low values of kc = (0.12 2014 0.27) x 10-12 erg were measured for DGDG. The scatter was less but also large for the other materials.
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J. Phys. France 51 (1990) [991] [992] [993] [994] [995] [996] [997] [998] [999] [1000] [1001] [1002] 15 MAI The bending rigidities kc of the fluid bilayers of some lecithins havé been measured by various methods. The first value, kc = 2.3 x 10 -12 erg, was obtained for egg lecithin (EYPC) membranes from the fluctuations of the angle made by the two ends of long tubular vesicles [1] . Later on, the same method was applied, apart from EYPC, to dimyristoyl-lecithin (DMPC), dipalmitoyl-lecithin and distearoyl-lecithin, yielding bending rigidities in the range of (1.8 -2.4 ) x 10-12 erg [2] . Studying fluctuation amplitudes and relaxation times of tubular and spherical vesicles, Schneider et al. found kc = (1 -2) x 10-12 erg for the bending rigidity of the EYPC bilayer [3, 4] . The [14] , including the mean-field statistical mechanics of fluctuating hydrocarbon chains [15] . (5) to (7) Let the x axis be in the focal plane of the microscope and the y axis coincide with the direction of viewing. We then see a cut throught the membrane in the x, z plane and along the x axis. To (2) in (13) yields The integral of cos (kn . x). sin (qx . x) cancels in the given interval and has therefore been omitted in (14) . Replacing the sum over the basic modes by a double integral and integrating over q y as in (11) experimental contours, the effect of the longest wavelength modes is reduced by subtracting a symmetric parabola from cos (qx . x). The parabola is taken to coincide with the endpoints of the cosine and determined by the method of least squares. The subtraction of the parabolas results in the curve plottèd in figure 2. The effect of the longest wavelength modes is seen to be markedly reduced and the total contribution of all side peaks is now only 13 % of that of the main peak. In the case of (B n 2) , a straight line coinciding with the endpoints of the sin ( qx . x ) is subtracted from the sine, again in agreement with the analysis of the experimental data. After this subtraction, which is even more necessary than the other, the side peaks contribute to (B n 2&#x3E; is only ca. 8.5 % as much as the main peak. Side peak contributions are about equally important for n = 10 as for n = 5, both with (A2n) and (B2n). The modified integral (15) turns out to be practically identical to (A2qx) as given by (11) for the same wave vector, being smaller by only 1 and 2 % for (A2n) and (Bn2) , respectively. 
Dilauroyl-phosphatidylethanolamine
(DLPE), dimyristoyl-phosphatidylethanolamine (DMPE), egg-yolk-phosphatidylcholine (EYPC) and digalactosyldiacylglycerol (DGDG) extracted from wheat flour were obtained from Sigma (Munich). The glycolipid DGDG, again extracted from wheat floor, was also purchased from Serva (Heidelberg).
The materials were used without further purification. figure 3 . We selected unilamellar structures by looking for contours of lowest optical contrast. Single membranes gave the lowest bending rigidities, but in the cases of EYPC and DGDG the spread between maximum and minimum values was still a factor of two. We analysed only membranes which were fluctuating freely and not attached to other membranes or vesicles, which diminished strongly their number. In the experiments with DMPE particular problems arose from the fact that to keep the bilayers in the fluid phase the measurements were performed at T = 60 ° C. At this high temperature convection currents in the samples sometimes caused a distortion of the membrane contour.
A typical result of the computerized analysis for a DGDG membrane is shown in figure 4 . The bending rigidity kc was calculated by means of equation (11) There was no notable difference between the DGDG from Sigma and that from Serva. We did not find any tubular vesicles of DGDG and DMPE that were suitable for measuring the distribution function of the angle made by their ends. On the other hand, the swelling of DLPE, which differs from DMPE only by two carbons less in the saturated hydrocarbon chains, produced some suitable tubes but no extended membranes. The measurement of the angular distribution function and the calculation of the bending rigidity from its width have been described elsewhere [1, 2] . The results of our experiments, three with unilamellar and two with multilamellar tubes, are listed in table II. Note that the average bending rigidity obtained with unilamellar DLPE tubes, kc = 1.7 x 10 -12 erg, is more than two times larger than that obtained with extended DMPE membranes.
Discussion.
We have measured the bending rigidity kc for three different types of lipids. Besides the often studied egg lecithin, we determined kc also for two synthetic cephalins (DLPE and DMPE)
, and a natural galactolipid (DGDG). Our new method is similar to the expansion in spherical harmonics used in determining the bending rigidity from the fluctuations of spherical vesicles. The admixture of other wave vectors also mixes relaxation times and makes it more difficult to deal with the effect of the video integration time which is 40 ms [6, 10] . The long integration time reduces in effect the amplitudes of the high wave vector modes. However, in our experiments the reduction was in general more than compensated by white noise.
Limiting ourselves to the plateau modes, we disregard both effects. Estimates of the relaxation times [25] and the direct observation of fluctuations suggest that relaxation can be neglected up to n = 8 for EYPC and n = 15 for DGDG. Faucon et al. [10] corrected for lateral tension, white noise, and video integration time, finding kc _ (0.4 -0.5 ) x 10-12 erg for egg lecithin. We doubt that the omission of these effects explains why we obtained a larger value. The large spread of the bending rigidity of DGDG membranes may be the reason for the enormous variation of their unbinding température in salt solution [16, 17] . 
